The palladium-catalyzed synthesis of primary amides by aminocarbonylation of aryl and heteroaryl iodides under phosphinefree conditions is reported for the first time. Methoxylamine hydrochloride, acting as an ammonia equivalent, undergoes sequential carbonylation and demethoxylation under mild reaction conditions. The procedure does not require a phosphine ligand and takes place in short reaction times at low temperatures to provide the products in excellent yields.
Primary aromatic and heteroaromatic amides constitute important classes of compounds due to their inherent bioactivity and the occurrence of this functional group in a plethora of biologically important compounds. Traditionally, primary amides are synthesized by the reaction of activated carboxylic acid derivatives such as acid chlorides, anhydrides and esters with amines, hydration of the corresponding benzonitriles, 4 or by oxidation of benzylamines, benzyl alcohols, or benzaldehydes. 5 In addition, carbonylation chemistry can also provide an alternative route for the synthesis of aromatic primary amides. Compared to secondary and tertiary amide synthesis, the preparation of aromatic primary amides using carbonylation chemistry has not received similar attention. Beller and co-workers used gaseous ammonia and Pd(OAc) 2 /dppf or Pd(OAc) 2 /nBuP(1-adamantyl) 2 as the catalytic system for the synthesis of primary aromatic amides. Mori et al. employed Pd 2 (dba) 3 /dppf as a catalytic system with titanium-nitrogen complexes as the amine source. 9 Skrydstrup reported the synthesis of primary aromatic amides using ammonium carbamate as an ammonia source and Pd(dba) 2 /JosiPhos as the catalytic system. However, the principal drawbacks of all these reported methods are the low stabilities, poor availability, and cost of the palladium complexes and phosphine ligands. Phosphine-free crosscoupling reactions have been investigated because of their reduced toxicity and cost burden, and the easier isolation of the product from the reaction mixture.
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Based on our research interest in phosphine-free carbonylation reactions, 12 we herein report an efficient palladium-catalyzed, phosphine-free protocol for the synthesis of aromatic primary amides using methoxylamine hydrochloride as an ammonia equivalent (Scheme 1). Key to this success was the use of a palladium(II) chloride-sodium iodide (PdCl 2 -NaI) catalytic system in the presence of 1,4-diazabicyclo[2.2.2]octane (DABCO) as the base. This protocol tolerates a wide range of functional groups and is applicable to aromatic and heteroaromatic substrates, providing excellent yields of products under mild reaction conditions.
Scheme 1 Synthesis of primary amides by aminocarbonylation
Initially, we screened various palladium precursors using iodobenzene as the model substrate for the optimization of the reaction conditions (Table 1) . Palladium(II) chloride was found to be an effective catalyst in the presence of an iodide such as sodium iodide, potassium iodide or tetrabutylammonium iodide. In the absence of phosphine ligands, rapid deactivation of the catalyst takes place, but the iodide ligand was found to be effective for maintaining catalytic activity. The iodide can participate in several different steps in reactions catalyzed by transition metals, Substrates with electron-donating (Me, OMe) and electron-withdrawing (NO 2 ) substituents at ortho-and para-positions were successfully transformed into their corresponding primary amides in high yields ( Table 2 , entries 1-6). 1-Iodonaphthalene provided a 90% yield of the desired amide product ( Table 2 , entry 7). In the presence of other halogen substituents (F, Cl, Br), the aryl iodides were transformed selectively into the corresponding amides (Table 2, entries 8-11). Several heteroaryl iodides also provided excellent yields of the desired products ( This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
A proposed mechanism for the aminocarbonylation reaction is shown in Scheme 3. The aryl iodide, in the presence of palladium chloride and the iodide ligand, undergoes oxidative addition to form intermediate II. The CO insertion step is followed by reductive elimination to regenerate the active catalyst. The reaction then proceeds via demethoxylation of the N-methoxyamide intermediate IV. The base (DABCO) plays a crucial role in releasing free methoxylamine and in the demethoxylation of the intermediate IV. In summary, an improved palladium-catalyzed, phosphine-free carbonylation method for primary amide synthesis has been established. Methoxylamine hydrochloride undergoes sequential carbonylation and demethoxylation, and acts as an ammonia equivalent. The reaction avoids the use of expensive and moisture-/airsensitive phosphine ligands and requires lower temperatures and shorter reaction times compared to previous protocols. This procedure offers an attractive synthetic strategy for the practical construction of aromatic primary amides. 
